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ICEPAC (Ionospheric Communications Enhanced Profile Analysis and Circuit) and in equinox/summer 
months for ASAPS (Advanced Stand alone Prediction System) and SIRM&LKW (Simplified Ionospheric 
Regional Model & Lockwood). The nowcasting methods SIRMUP&LKW (SIRM updating method & 
Lockwood) and ISWIRM (Instantaneous Space Weighted Ionospheric Regional Model) reveal good results 
for moderate and disturbed geomagnetic conditions when compared with the long term prediction methods. 
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Abstract  13 
 14 
New systematic oblique ionospheric radio sounding measurements over Central Europe, concerning 15 
the radio links between Inskip (UK, 53.5° N, 2.5° W) and Rome (Italy, 41.8 N, 12.5E) and between 16 
Inskip and Chania (Greece, 35.7° N, 24.0° E), have been performed since November 2003.  17 
Different long-term (i.e. monthly median) ionospheric predictions and nowcasting techniques have 18 
been applied and compared with the oblique incidence radio sounding measurements.  19 
The MUF (basic Maximum Usable Frequency) measurements observed during the early part of the 20 
experiment have been used to compare the performances of different methods. The preliminary 21 
analysis has shown good performances for the long term prediction models, in particular in winter 22 
months for ICEPAC (Ionospheric Communications Enhanced Profile Analysis and Circuit) and in 23 
equinox/summer months for ASAPS (Advanced Stand alone Prediction System) and SIRM&LKW 24 
(Simplified Ionospheric Regional Model & Lockwood). The nowcasting methods SIRMUP&LKW 25 
(SIRM updating method & Lockwood) and ISWIRM (Instantaneous Space Weighted Ionospheric 26 
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Regional Model) reveal good results for moderate and disturbed geomagnetic conditions when 27 
compared with the long term prediction methods. 28 
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1. Introduction 53 
 54 
Oblique-incidence ionospheric soundings provide a means of determining the prevailing 55 
propagation conditions in real time and are also useful for examining ionospheric conditions in 56 
retrospect. They are extremely important for testing the propagation predictions of HF (High 57 
Frequency) radio communications, ionospheric radar localization and surveillance and for 58 
validating ionospheric models in different regions.  59 
However, the availability of statistics obtained by oblique incidence ionospheric soundings is 60 
generally very poor due to the difficulties in conducting measurements over a long distance as well 61 
as in maintaining the experimental equipment placed in different locations or countries. 62 
Regular ionospheric oblique soundings have been performed since November 2003 over the radio 63 
link Inskip (UK, 53.5°N; 2.5°W) - Rome (Italy, 41.8°N; 12.5°E). Further measurements over the 64 
radio link Inskip - Chania (Greece, 35.7° N, 24.0° E) have been made since April 2005. In both 65 
cases a linearly swept FM chirp radio sounding technique has been used. 66 
The main objective of this paper is to present a summary of the results obtained during different 67 
seasons, geomagnetic activity and time intervals. Furthemore, the paper illustrates the potential of 68 
these oblique incidence sounding measurements over Central Europe for routine monitoring of the 69 
ionosphere and its application in testing different long-term ionospheric prediction and nowcasting 70 
techniques that influence radio systems.  71 
The monthly median values of the MUF (basic Maximum Usable Frequency) and  the hourly values 72 
of the MUF measured in the aforesaid oblique sounding campaigns, have been compared with  the 73 
monthly median values obtained by long term prediction models and with the hourly values of the 74 
MUF obtained by nowcasting prediction models respectively. The results are shown and discussed 75 
in the following sections. 76 
Basic technical information on the experimental equipment, on the chirp technique used as well as 77 
on the prediction methods applied is presented in the next section. 78 
 79 
      2. Experimental equipment and  prediction methods. 80 
 81 
2.1 The experimental equipment 82 
 83 
The ionospheric oblique radio sounding campaigns have been conducted using a Barry Research 84 
transmitter (100 W, omnidirectional antenna) located in Inskip (UK). This transmitter is operated by 85 
VT Communications on behalf of the UK Ministry of Defence (MOD). Two radio receivers have 86 
been used. The first one located in Rome is an Improved Radio Ionospheric Sounder (IRIS) 87 
developed by QinetiQ, UK, whilst the second one located in Chania is a Barry Research receiver    88 
built in 1990 (Figure 1). 89 
Both the receivers use the chirp sounder technique. This technique is based on a different principle 90 
from that of the pulse amplitude sounders where the radio signals are generally phase modulated 91 
pulse compression sequences (Davies, 1989). 92 
The main advantages of using  the chirp technique are the low peak power of transmission; the high 93 
processing gain resulting in very good noise discrimination; and the low level of radio interference 94 
with other spectrum users. Note that a good quality ionogram is crucial for directly reading the 95 
MUF. Examples of oblique ionograms received in Rome and in Chania are shown in figure 2.  96 
2.2 Ionospheric Prediction methods 97 
 98 
Various ionospheric prediction methods have been used to predict the MUF, both over monthly 99 
median and real time conditions. All of them are based on different ionospheric mapping models 100 
that obtain the main ionospheric characteristics foF2 and M(3000)F2 . 101 
Monthly median models. 102 
• ASAPS (Advanced Stand Alone Prediction System) allows the prediction of sky wave 103 
communication conditions in the HF and VHF (Very High Frequency) radio spectrum. It is 104 
based on an ionospheric model developed by the IPS Radio and Space Services of the 105 
Australian Department of Industry, Tourism and Resources, and ITU-R / CCIR models 106 
(Rec. ITU-R P.533-7 and CCIR Reports 322). 107 
• ICEPAC (Ionospheric Communications Enhanced Profile Analysis and Circuit) is a full 108 
system performance model for HF radio communications circuits. In this model the 109 
ionospheric parameters are derived and then used to build an electron density profile. Finally 110 
the long-term operational parameters, such as MUF, are calculated (Stewart F.G, undated). 111 
• SIRM&LKW is a monthly median MUF prediction method for a radio link between two 112 
given geographical locations. It is based on an empirical method adopted at the Istituto 113 
Nazionale di Geofisica e Vulcanologia (INGV) for the prediction of HF ionospheric 114 
propagation conditions over the Mediterranean area, and uses the formula proposed by 115 
Lockwood (1983). In this method the predicted ionospheric characteristics for a given 116 
period, foF2 and M(3000)F2, are derived from the monthly median SIRM (Simplified 117 
Ionospheric Regional Model) while a Chapman model is used for the required foE input 118 
values. The Improved SIRM is a regional ionospheric model of the standard vertical 119 
incidence ionospheric characteristics, developed from the original SIRM under the EU 120 
COST 238 project (Bradley, 1995), and applied to a larger area up to 70°N (Zolesi et al., 121 
1993; Zolesi et al., 1996). The model is based on Fourier coefficients derived from the 122 
analysis of the monthly median values of ionospheric characteristics measured at the stations 123 
in the European area collected from the RAL CD ROM database promoted by the COST 124 
action 251 (Hanbaba, 1999).  125 
Nowcasting models.  126 
• The SIRMUP&LKW prediction  method gives the daily hourly MUF values by using the 127 
nowcasting SIRMUP method for foF2 and M(3000)F2 recently developed for the real-time 128 
updating of the SIRM model for operational applications (Zolesi et al., 2004 ; Tsagouri et 129 
al., 2005) in conjunction with the Lockwood (1983) formula. The SIRM updating method, 130 
SIRMUP, is based on the idea that real time values of foF2 at one location can be 131 
determined from the SIRM model by using an effective sunspot number, Reff (Houminer et 132 
al., 1993), instead of the 12-month smoothed sunspot number, R12. Reff is chosen to give 133 
the best fit between the model calculation and the actual measurements obtained from a grid 134 
of ionosondes located in the mapping area (Zolesi et al., 2004). It is important to note that 135 
autoscaled ionospheric values may be processed in the nowcasting techniques. The ARTIST 136 
method  (Reinisch and Huang, 1983) applied to at least four digital ionospheric stations has 137 
been employed in this nowcasting technique. The ISWIRM (Instantaneous Space Weighted 138 
Ionospheric Regional Model) is a model for the regional nowcasting of the critical 139 
frequency of the F2 layer, foF2. The geographical area of applicability of the model ranges 140 
between 35°N - 70°N and 5°W - 40°E.  Within this region, the hourly values of foF2 are 141 
obtained correcting the monthly medians values of foF2, predicted by the SWILM (Space 142 
Weighted Ionospheric Local Model), on the basis of hourly observations of foF2 recorded at 143 
four reference stations. (Pietrella and Perrone, 2005).   144 
3 Data analysis and results. 145 
 146 
3.1 Long term prediction models 147 
 148 
Comparisons between the monthly median values of the MUF measured in the oblique sounding 149 
campaigns and those obtained by long term prediction models have been performed during different 150 
seasons and under geomagnetic disturbed conditions. In the periods analysed lasting from 151 
December 2003 to December 2004, the solar index activity R12 decreased from 55 to 35. 152 
It is important to note that in contrast to vertical soundings, for which the quality of the ionograms  153 
is quite good in most of the cases, in the oblique soundings the situation is completely different: 154 
even if the equipment is working well, it can be difficult to obtain sufficient scalable ionograms to 155 
provide a physically relevant measure of the median values (that is the highest frequency you can 156 
receive on 50% of the days at a given hour).  157 
Monthly median values of the measured MUF (for the radio link Inskip-Rome) and monthly median 158 
values of the predicted MUF from the long term prediction models (ASAPS, SIRM&LKW and 159 
ICEPAC-CCIR-profile) are shown in figures 3-5 for winter months (up) and equinox months 160 
(down). 161 
Table 1 summarizes the performances of the different models for all the months considered by 162 
computing the root mean square deviation (r.m.s.) between the monthly median MUF predicted and 163 
the MUF measured over the whole day (24 hours). 164 
 165 
 166 
 167 
3.2 Nowcasting prediction models 168 
 169 
Further comparisons between the hourly values of the measured MUF and those calculated by 170 
nowcasting prediction models have been performed for a variety of days, during different seasons 171 
and under different geomagnetic conditions. In the periods analysed lasting from December 2003 to 172 
December 2004 for the radio link Inskip-Rome, and from April 2005 to January 2006 for the radio 173 
link Inskip-Chania, the solar index activity R12 decreased from 55 to 21. 174 
The autoscaled ionograms released by the DIAS ionosonde network have been applied to the two 175 
aforesaid nowcasting prediction methods. The choice and the selection of the days to be tested and 176 
compared has taken into account the requirement of the nowcasting procedures to have at least 4 177 
ionograms from 4 ionospheric stations, obtained at least every hour and for no less than 15 hours 178 
(out of 24) in order to support the value of r.m.s. 179 
Examples of two quiet and two geomagnetic disturbed days for the radio link Inskip-Rome are 180 
shown in figures 6 and 7. The hourly behaviours of the measured MUF in comparison with the 181 
MUF predicted by the two nowcasting methods are shown in figures 6a–7a, while the values 182 
predicted by the long term prediction models referred, of course to monthly median conditions, are 183 
shown in figures 6b–7b. The differences between the observed and predicted values are shown in 184 
figure 6c–7c: the horizontal line marks the 0 MHz level (no difference between measurements and 185 
predictions). An example of a quiet and moderately disturbed day for the radio link Inskip-Chania is 186 
illustrated in figure 8.  187 
The performances of the different models for all the days considered are represented in terms of the 188 
r.m.s. calculated between the MUF predicted and the MUF measured over all the hours of the day 189 
for which enough data are available. They are summarized in tables 2 and 3. 190 
4. Discussion and conclusions. 191 
 192 
An accurate test of the ability of global and regional models to predict the monthly median values 193 
of  foF2 and M(3000)F2 all over the world or over a limited area was carried out in the framework 194 
of the European COST action 251(Hanbaba, 1999) by using an updated database of ionospheric 195 
values. foF2 and M(3000)F2 can be used to calculate the MUF between two points and the accuracy 196 
of an MUF prediction is strongly related to the correct prediction of the monthly median HF radio 197 
propagation conditions. The ranking of the performances of the models did not reveal large 198 
differences among the many regional and global models analyzed.  199 
This conclusion  is confirmed by the analysis of the results of the oblique iononospheric sounding 200 
campaign (Inskip-Rome): the long term prediction models give satisfactory performances for 201 
prediction of the median values of the MUF. Slight differences among the methods considered 202 
appear in examining different seasons: ICEPAC gives better results than the other models in winter 203 
while ASAPS and SIRM&LKW have better performances in equinox and spring months. 204 
A different result was obtained analyzing the performances of the two nowcasting methods and 205 
their comparison with the long term propagation methods. The nowcasting models always gave 206 
better results over the two radio links considered. Their performances were convincing both during 207 
quiet and disturbed geomagnetic conditions. These results are particularly important because during 208 
geomagnetic disturbed days the nowcasting method works under difficult conditions: i.e. a reduced 209 
number of ionograms available in the region at the same time; and errors, even small, made by the 210 
autoscaling method that may be amplified by the product of the two parameters foF2 and M(3000) 211 
necessary to obtain the MUF. 212 
Finally it is important to note that long-term prediction programs, currently in use, can only 213 
describe long term variations, such as those driven by the solar cycle but are not able to follow day-214 
to-day and hour-to-hour changes in propagation channel characteristics. Users of HF and trans-215 
ionospheric radio systems as well as radio frequency designers require assistance not only with  216 
seasonal frequency planning and day-to-day frequency management but also for the rapid changes 217 
in the ionospheric radio propagation conditions.  218 
However, although Real-Time Channel Evaluation (RTCE) techniques are clearly more effective to 219 
any short term or nowcasting methods on a given radio link they cannot provide information over 220 
an extended area and therefore on all the potential radio links.  221 
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Caption 254 
 255 
Figure 1: information about new oblique-incidence ionospheric sounding campaigns between Inskip 256 
and Rome and between Inskip and Chania. 257 
Figure 2:  examples of ionograms obtained from oblique radiosoundings between Inskip and Rome 258 
(a) and between Inskip and Chania (b). 259 
Figure 3: observed monthly median values and MUF prediction profile by IPS-ASAPS.  260 
Figure 4: observed monthly median values and MUF prediction profile by SIRM&LKW. 261 
Figure 5: observed monthly median values and MUF prediction profile by ICEPAC – CCIR. 262 
Figure 6: Comparisons between hourly values of the measured MUF and the hourly values of the 263 
MUF obtained by the nowcasting models (a) and by the long term prediction models (b) for the 264 
radio link Inskip-Rome on 22th April 2004 and 23th May 2004 (geomagnetically quiet days). 265 
Differences between measurements and predictions are also reported (c). The horizontal line marks 266 
the 0 MHz level (no differences between measurements and predictions). 267 
Figure 7: Comparisons between hourly values of the measured MUF and the hourly values of the 268 
MUF obtained by the nowcasting models (a) and by the long term prediction models (b) for the 269 
radio link Inskip-Rome on 7th and 9th November 2004 (geomagnetically disturbed days). 270 
Differences between measurements and predictions are also reported (c). The horizontal line marks 271 
the 0 MHz level (no differences between measurements and predictions). 272 
Figure 8: Comparisons between hourly values of the measured MUF and the hourly values of the 273 
MUF obtained by the nowcasting models (a) and by the long term prediction models (b) for the 274 
radio link Inskip-Chania on 2th May 2005 (geomagnetically quiet day) and on 17th July 2005 275 
(moderately disturbed day). Differences between measurements and predictions are also reported 276 
(c). The horizontal line marks the 0 MHz level (no differences between measurements and 277 
predictions). 278 
Table 1: Results for MUF predicted monthly median values. The best performance is shown in red. 279 
Table 2: comparisons between long term and nowcasting models for the radio link Inskip – Rome. 280 
The best performance is shown in red. 281 
Table 3: comparisons between long term and nowcasting models for the radio link Inskip – Chania. 282 
The best performance is shown in red. 283 
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